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We analyze the one loop correction to Z → νν decay in framework of Minimal R-
symmetric Supersymmetric Standard Model(MRSSM) in detail with normal and inverse
neutrino mass orderings, as a function of tan β, Dirac mass parameters MW
D
and µu(µd),
slepton massml that parameterize the mass matrices. The numerical results indicate that
the branching ratio for Z → νν decay is compatible with the experimental measurement
and the SM expectation at 2σ level. For inverse neutrino mass ordering, the prediction
exceeds the SM expectation at 1σ level. The prediction on Br(Z → νν) increases propor-
tionally to tan β and inversely proportionally to ml. For normal neutrino mass ordering,
the peak value of the prediction on Br(Z → νν) exceeds the SM expectation at 1σ level.
Keywords: Z boson; MSSM; neutrino.
1. Introduction
Invisible decay of Z boson offers constraints on models that lie beyond the Stan-
dard Model (SM). The experiment measurement and the SM expectation for the
branching ratio of invisible Z-width are 1
BR(Z → invisible)Exp = 0.2000± 0.0006, (1)
BR(Z → invisible)SM = 0.2010± 0.0001. (2)
It shows that the current value of the invisible Z-width in experiment agrees quite
well with the SM expectation within 2σ errors. This is often interpreted as evidence
that the SM contains three and only three neutrinos cause, apart from neutrinos,
the SM predicts no other channels that these states can decay into. However, there
1
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is still a 1σ level deviation between the experimental measurement and the SM
expectation. This departure may hint structures over and above those in the SM.
As a new solution to the supersymmetric flavor problem in MSSM, the Mini-
mal R-symmetric Supersymmetric Standard Model (MRSSM) is proposed in Ref.2,
where the R-symmetry is a fundamental symmetry proposed several decades ago
and stronger than R-parity 3,4. R-symmetry forbids Majorana gaugino masses, µ
term, A terms and all left-right squark and slepton mass mixings. The R-charged
Higgs SU(2)L doublets Rˆu and Rˆd are introduced in MRSSM to yield the Dirac
mass terms of higgsinos. Additional superfields Sˆ, Tˆ and Oˆ are introduced to yield
Dirac mass terms of gauginos. Studies on phenomenology in MRSSM can be found
in literatures 5,6,7,8,9,10,11,12,13,14,15,16,17,18.
In SM, the Z → νiνj(i = j) decays occur at tree level through the interaction
between three neutrinos and Z boson
L = CTree
∑
i=e,µ,τ
νiγµPLνjZ
µ,
CTree = −1
2
δij(g1sW + g2cW ),
where sW = sinθW , cW = cosθW and θW is the Weinberg angle, g1 denotes the
coupling constant of gauge group U(1), g2 denotes the coupling constant of gauge
group SU(2). At one loop level, the Z → νiνj(i 6= j) decays arise from the charged
current with the mixing among three lepton generations. The fields of the flavor
neutrinos in charged current weak interaction Lagrangian are combinations of three
massive neutrinos
L = − g2√
2
∑
l=e,µ,τ
lL(x)γµνlL(x)W
µ(x) + h.c.,
νlL(x) =
3∑
i=1
(
UPMN
)
li
νiL(x),
where νlL are fields of the flavor neutrinos, νiL are fields of massive neutrinos,
and UPMN corresponds to the unitary neutrino mixing matrix
19,20. The unitary
neutrino mixing matrix is given by
UPMN =

 c1c3 c3s1 s3e−iδ−c1s3s2eiδ − c2s1 c1c2 − s1s2s3eiδ c3s2
s1s2 − c1s3c2eiδ c1s2 − s1c2s1eiδ c3c2


×diag
(
eiΦ1/2, 1, eiΦ2/2
)
,
where s(c)1 = sin(cos)θ12, s(c)2 = sin(cos)θ23, s(c)3 = sin(cos)θ13. The phase δ is
the Dirac phase, and Φi are the Majorana phases.
In this paper, we have studied the Z → νν in MRSSM, where the neutrino
mass is assumed with normal ordering and inverse ordering. On one hand, similar
to the case in MSSM, the Z → νν decays can arise from the diagrams mediated
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by charginos χ±, neutrinolinos χ0, sleptons L˜± and sneutrinos ν˜. It is noted worth-
while that the mass matrices in MSSM are different from MRSSM. On the other
hand, in MRSSM, the Z → νν decays can also arise from diagrams mediated by
another two charginos ρ± which have R-charge minus electric charge. Assuming
the parameter spaces with two set benchmark points, we investigate the Z → νν
decays as functions of tanβ, Dirac mass parameters MWD , µu, µd and slepton mass
parameter ml with normal and inverse neutrino mass orderings. The result agrees
with the experimental measurement and the SM expectation very well.
The paper is organized as follows. In Section 2, we provide a brief introduction
on MRSSM, and derive the analytic expressions for every Feynman diagram con-
tributing to Z → νiνj in MRSSM in detail. The numerical results are presented in
Section 3, and the conclusion is drawn in Section 4.
2. MRSSM
The general form of the superpotential of the MRSSM is given by 5
WMRSSM = µd(RˆdHd) + µu(RˆuHu) + Λd(RˆdTˆ )Hd + Λu(RˆuTˆ )Hu
+ YuU¯(QHu)− YdD¯(QHd)− YeE¯(LHd)
+ λdSˆ(RˆdHd) + λuSˆ(RˆuHu), (3)
where Hu and Hd are the MSSM-like Higgs weak iso-doublets, Rˆu and Rˆd are
the R-charged Higgs SU(2)L doublets and the corresponding Dirac higgsino mass
parameters are denoted as µu and µd. λu, λd, Λu and Λd are parameters of Yukawa-
like trilinear terms involving the singlet Sˆ and the triplet Tˆ , which is given by
Tˆ =
(
Tˆ 0/
√
2 Tˆ+
Tˆ− −Tˆ 0/√2
)
.
The soft-breaking scalar mass terms are given by
VSB,S = m
2
Hd(|H0d |2 + |H−d |2) +m2Hu(|H0u|2 + |H+u |2) +m2Ru(|R0u|2 + |R−u |2)
+ m2Rd(|R0d|2 + |R+d |2) + (Bµ(H−d H+u −H0dH0u) + h.c.)
+ m2S |S|2 +m2O|O2|+m2T (|T 0|2 + |T−|2 + |T+|2)
+ d˜∗L,im
2
q,ij d˜L,j + d˜
∗
R,im
2
d,ij d˜R,j + u˜
∗
L,im
2
q,ij u˜L,j + u˜
∗
R,im
2
u,ij u˜R,j
+ e˜∗L,im
2
l,ij e˜L,j + e˜
∗
R,im
2
r,ij e˜R,j + ν˜
∗
L,im
2
l,ij ν˜L,j (4)
All trilinear scalar couplings involving Higgs bosons to squarks and sleptons are
forbidden due to the R-symmetry. The soft-breaking Dirac mass terms of the singlet
Sˆ, triplet Tˆ and octet Oˆ take the form
VSB,DG =M
B
D B˜S˜ +M
W
D W˜
aT˜ a +MOD g˜O˜ + h.c., (5)
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where B˜, W˜ and g˜ are usually MSSM Weyl fermions. After EWSB, the mass matrix
of four neutralinos χ01,2,3,4 is given by
mχ0 =


MBD 0 − 12g1vd 12g1vu
0 MWD
1
2g2vd − 12g2vu
− 1√
2
λdvd − 12Λdvd −µeff,+d 0
1√
2
λuvu − 12Λuvu 0 µeff,−u

 , (6)
where the modified µi parameters are given by
µeff,+d =
1
2
ΛdvT +
1√
2
λdvS + µd,
µeff,−u = −
1
2
ΛuvT +
1√
2
λuvS + µu.
The vT and vS are vacuum expectation values of Tˆ and Sˆ which carry zero R-charge.
The neutralino mass matrix is diagonalized by unitary matrices N1 and N2
(N1)∗mχ0(N
2)† = diag(mχ0
1
, ...,mχ0
4
).
The mass matrix of two charginos χ±1,2 with R-charge equal to electric charge is
given by
mχ± =
(
g2vT +M
W
D
1√
2
Λdvd
1√
2
g2vd µ
eff,−
u
)
, (7)
and can be diagonalized by unitary matrices U1 and V 1
(U1)∗mχ±(V
1)† = diag(mχ±
1
,mχ±
2
).
The mass matrix of two charginos ρ±1,2 with R-charge equal to minus electric charge
is given by
mρ± =
(
−g2vT +MWD 1√2g2vu
− 1√
2
Λuvu −µeff,+u
)
, (8)
and can be diagonalized by unitary matrices U2 and V 2
(U2)∗mρ±(V
2)† = diag(mρ±
1
,mρ±
2
).
In the gauge eigenstate basis ν˜iL, the sneutrino mass squared matrix is expressed
as
m2ν˜ = m
2
l +
1
8 (g
2
1 + g
2
2)(v
2
d − v2u) + g2vTMWD − g1vSMBD , (9)
where the last two terms are newly introduced by MRSSM, and is diagonalized by
unitary matrix ZV
ZVm2ν˜(Z
V )† = diag(m2ν˜1 ,m
2
ν˜2 ,m
2
ν˜3).
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The slepton mass squared matrix is given by
m2
L˜±
=
(
(m2
L˜±
)LL 0
0 (m2
L˜±
)RR
)
, (10)
with
(m2
L˜±
)LL = m
2
l +
1
2
v2d|Ye|2 +
1
8
(g21 − g22)(v2d − v2u)− g1vSMBD − g2vTMWD ,
(m2
L˜±
)RR = m
2
r +
v2d
2
|Ye|2 + 1
4
g21(v
2
u − v2d) + 2g1vSMBD .
One can see that the left-right slepton mass mixing is absent. The slepton mass
matrix is diagonalized by unitary matrix ZE
ZEm2
L˜±
(ZE)† = diag(m2
L˜±
1
, ...,m2
L˜±
6
).
Z
l
l
H±
νi
νj
Z χ0
χ0
ν˜
νi
νj
Z χ±
χ±
L˜±
νi
νj νj
νi
L˜±
ρ±
ρ±
Z
N1 N2 N3 N4
Z
νj
νi
H±
H±
l
νi
νj
Z ν˜
ν˜
χ0
νi
νj
χ±
Z L˜±
L˜±
νi
νj
ρ±
L˜±
L˜±
Z
N5 N6 N7 N8
Z
νi
νj
νi
νj
ν
ν
l
l
Z
Z W±
N9 N10
νi
νj νj
νi
l
H±
W±
Z
l
H±
Z W±
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νj
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l
Z
W±
W±
N13
Fig. 1. One loop Feynman diagrams contributing to Z → νiνj in MRSSM.
The relevant Feynman diagrams contributing to Z → νiνj in MRSSM is pre-
sented in Fig.1. The Zνiνj interaction Lagrangian can be written as
21
LZνiνj = ν¯i
[
γµ(C1LPL + C
1
RPR) + p
µ
1 (C
2
LPL + C
2
RPR)
]
νjZµ. (11)
Then the branching ratio of LFV decays of Z boson is calculated by
Br(Z → νiνj) = Br(Z → ν¯iνj) +Br(Z → ν¯jνi)
=
mZ
48piΓZ
[
2(|C1L|2 + |C1R|2) +
m2Z
4
(|C2L|2 + |C2R|2)
]
, (12)
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where the neutrino masses have been neglected and ΓZ is the total decay width of
Z boson. For convenience, following notation is used
Br(Z → νν) =
∑
i,j=1,2,3
Br(Z → νiνj), i ≤ j.
The coefficients C1L/R and C
2
L/R are combinations of coefficients corresponding to
each Feynman diagram in Fig.1
C1L = C
Tree +
N13∑
N=N1
C1,NL ,
C1R =
N13∑
N=N1
C1,NR ,
C2L/R =
N13∑
N=N1
C2,NL/R.
Actually, only C1,NL contribute to the decay width cause other coefficients C
1,N
R and
C2,NL/R equal zero. The explicit expressions of C
1,N
L are derived by assuming the three
neutrino masses are zero in terms of invariant Passarino-Veltman integrals 22. The
coefficients C1,NL in Fig.1 (N1-N4) are calculated by
C1,NL = C
N
1RC
N
3L(C
N
2RB0(m2Z ,M1,M2) + (CN2LM1M2 + CN2RM23 )C0 − 2CN2RC00),
where
CN11R = Y
i
l Z
+
n1, C
N1
2L =
δij
2
(g2cW − g1sW ), CN12R = −g1sW δij ,
CN13L = Y
j
l Z
+
n1,M1 = mlk ,M2 = mlm ,M3 = mH±n , (N = N1),
CN21R =
1√
2
ZV,∗ni (g1N
1
k1 − g2N1k2), CN23L =
1√
2
ZVnj(g1N
1,∗
m1 − g2N1,∗m2),
CN22L =
1
2
(g2cW + g1sW )(N
2,∗
k3 N
2,∗
m3 −N2,∗k4 N2,∗m4),
CN22R =
1
2
(g2cW + g1sW )(N
1,∗
m3N
1,∗
k3 −N1,∗m4N2,∗k4 ),
M1 = mχ0
k
,M2 = mχ0m ,M3 = mν˜n , (N = N2),
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and
CN31R = Y
i
l Z
E,∗
n(3+i)U
1
k2, C
N3
2L = −
1
2
(2g2cWV
1,∗
m1 V
1
k1 + (g2cW − g1sW )V 1,∗m2 V 1k2),
CN32R = −
1
2
(2g2cWU
1,∗
k1 U
1
m1 + (g2cW − g1sW )U1,∗k2 U1m2),
CN33L = Y
j
l Z
E
n(3+j)U
1,∗
m2 ,M1 = mχ±
k
,M2 = mχ±m ,M3 = mL˜±n , (N = N3),
CN41R = −g2ZE,∗ni U2k1, CN42L =
1
2
(2g2cWV
2,∗
m1 V
2,∗
k1 + (g2cW − g1sW )V 2,∗m2 V 2k2),
CN42R =
1
2
(2g2cWU
2,∗
k1 U
2,∗
m1 + (g2cW − g1sW )U2,∗k1 U2m1), CN43L = −g2U2,∗m1ZEnj ,
M1 = mρ±
k
,M2 = mρ±m ,M3 = mL˜±n , (N = N4).
The coefficients C1,NL in Fig.1 (N5-N8) are calculated by
C1,NL = 2C
N
1RC
N
2 C
N
3LC00,
where
CN51R = Y
i
l Z
+
k1, C
N5
3L = Y
j
l Z
+
m1,
CN52 =
1
2
((g2cW − g1sW )(Z+k1Z+m1 + Z+k2Z+m2) + 2g2cW (Z+k3Z+m3 + Z+k4Z+m4)),
M1 = mH±
k
,M2 = mH±m ,M3 = mln , (N = N5),
CN61R =
1√
2
ZV,∗ki (g1N
1
n1 − g2N1n2), CN63L =
1√
2
ZVmj(g1N
1,∗
n1 − g2N1,∗n2 ),
CN62 = −
1
2
δkm(g1sW + g2cW ),M1 = mν˜k ,M2 = mν˜m ,M3 = mχ±n , (N = N6),
and
CN71R = Y
i
l Z
E,∗
k(3+i)U
1
n2, C
N7
3L = Y
j
l Z
E
m(3+j)U
1,∗
n2 ,
CN72 =
∑
a=1,2,3
1
2
(−2g1sWZE,∗m(3+a)ZEk(3+a) + (g2cW − g1sW )ZE,∗ma ZEka),
M1 = mL˜±
k
,M2 = mL˜±m ,M3 = χ
±
n , (N = N7),
CN81R = −g2ZE,∗ki U2n1, CN83L = −g2ZEmjU2,∗n1 ,
CN82 =
∑
a=1,2,3
1
2
(−2g1sWZE,∗m(3+a)ZEk(3+a) + (g2cW − g1sW )ZE,∗ma ZEka),
M1 = mL˜±
k
,M2 = mL˜±m ,M3 = mρ±n , (N = N8).
The coefficients C1,NL in Fig.1 (N9-N10) are calculated by
C1,NL = −2CN1LCN3L(−CN2LB0(m2Z ,M1,M2) + CN2L(B0(0,M3,M1) + B0(0,M3,M2))
+ CN2L(M
2
1 +M
2
2 −M23 −m2Z)C0 + CN2RM1M2C0 − 2CN2LC00),
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where
CN91L = −
δki
2
(g1sW + g2cW ), C
N9
2L = −
δkm
2
(g1sW + g2cW ), C
N9
2R = 0,
CN93L = −
δmj
2
(g1sW + g2cW ),M1 = 0,M2 = 0,M3 = mZ , (N = N9),
CN101L = −
g2√
2
(U∗PMN )ki, C
N10
2L =
δkm
2
(g2cW − g1sW ), CN102R = −δkmg1sW ,
CN103L = −
g2√
2
(UPMN )mj ,M1 = mlk ,M2 = mlm ,M3 = mW , (N = N10).
The coefficients C1,NL in Fig.1 (N11-N12) are calculated by
C1,NL = C
N
1 C
N
2 C
N
3 C0,
where
CN111 = Y
i
l Z
+
k1, C
N11
3 = −
g2√
2
(UPMN )nj ,
CN112 = −
g2
2
(−g1vdsWZ+k1 + g1vusWZ+k2 +
√
2g2vT cW (Z
+
k3 + Z
+
k4),
M1 = mH±
k
,M2 = mW ,M3 = mln , (N = N11),
CN121 = −
g2√
2
(U∗PMN )ki, C
N12
3 = Y
j
l Z
+
m1,
CN122 = −
g2
2
(−g1vdsWZ+m1 + g1vusWZ+m2 +
√
2g2vT cW (Z
+
m3 + Z
+
m4),
M1 = mW ,M2 = mH±m ,M3 = mln , (N = N12).
The coefficients C1,NL in Fig.1 (N13) are calculated by
C1,NL = 2C
N
1 C
N
2 C
N
3 (B0(m2Z ,M1,M2) +M23C0 + 2C00),
where
CN131 = −
g2√
2
(U∗PMN )ni, C
N13
2 = −g2cW , CN133 = −
g2√
2
(UPMN )nj ,
M1 = mW ,M2 = mW ,M3 = mln , (N = N13).
The loop integrals are given in term of Passarino-Veltman 22
C(0,00) =
i
16pi2
C(0,00)(0,m2Z , 0;M3,M1,M2).
The explicit expressions of these loop integrals are given in Refs 23,24,25 and MS
scheme is used to delete the infinite terms. These loop integrals can be calculated
through the Mathematica package Package-X 26 and a link to Collier which is a
fortran library for the numerical evaluation of one-loop scalar and tensor integrals27.
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3. Numerical Analysis
In the numerical analysis, we use the two set benchmark points taken from existing
references as the default values for our parameter setup and display them in Table.2
7, where the slepton mass matrices are diagonal and all mass parameters are in GeV
or GeV 2. The following numerical values are used
αem(mZ) = 1/128,mZ = 91.1876GeV,mW = 80.379GeV,ΓZ = 2.49GeV,
sin2θW = 0.23129,me = 0.510MeV,mµ = 105.6MeV,mτ = 1.776GeV.
The light neutrino mass spectrum is assumed to be normal ordering, the best-fit
values of the three neutrino oscillation parameters are given in Table.1. Apart from
Table 1. The best-fit values correspond to normal ordering(NO) and inverse order-
ing(IO).
Parameter best-fit(NO) best-fit(IO) Parameter best-fit(NO) best-fit(IO)
sin2θ12 0.297 0.297 sin2θ23 0.425 0.589
sin2θ13 0.0215 0.0216 δ 1.38pi 1.38pi
the above result, no other experimental information on the Majorana phases in
the neutrino mixing matrix is available at present. Note that large value of |vT | is
excluded by measurement of W mass cause the vev vT of the SU(2)L triplet field
T 0 gives a correction to W mass through 5
m2W =
1
4
g22v
2 + g22v
2
T , (13)
with v2 = v2u + v
2
d.
Table 2. Benchmark points.
Input tanβ λd,λu Λd,Λu vS vT M
B
D
MW
D
µd,µu m
2
T
m2
l
,m2r
BMP1 10 1.1,-1.1 -1.0,-1.0 1.3 -0.19 1000 500 400,400 30002 10002,10002
BMP2 40 0.15,-0.15 -1.0,-1.15 -0.14 -0.34 250 500 400,400 30002 10002,10002
In Fig.2, we display the theoretical prediction of Br(Z → νν) versus tanβ in
MRSSM. The solid line and the dot line stand for the result calculated with pa-
rameter setup BMP1 with normal ordering and inverse ordering respectively. The
dash dot line and the dash line stand for the result calculated with parameter setup
BMP2 with normal ordering and inverse ordering respectively. Both predictions in-
crease along with tanβ and are compatible with the experimental measurement at
2σ level. For normal ordering , the prediction of Br(Z → νν) with BMP1 is a little
lower than that with BMP2. For inverse ordering, the predictions are almost identi-
cal. At 1σ level, the prediction of Br(Z → νν) with normal ordering is compatible
January 15, 2019 5:31 WSPC/INSTRUCTION FILE mpla˙sun
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BR
(Z
)
tan
Fig. 2. The Br(Z → νν) vary as a function of tanβ in MRSSM, where the solid line (BMP1) and
the dash dot line (BMP2) correspond to normal neutrino mass ordering, the dot line (BMP1) and
the dash line (BMP2) correspond to inverse neutrino mass ordering and the two lines are almost
identical.
with the SM expectation, however the prediction of Br(Z → νν) with inverse or-
dering exceed the SM expectation. There is a deviation between the predictions in
MRSSM and the experimental measurement at 1σ level.
In Fig.3, we display the theoretical prediction of Br(Z → νν) versus Dirac mass
parameter MWD in MRSSM. The solid line and the dot line stand for the result
calculated with parameter setup BMP1 with normal ordering and inverse ordering
respectively. The dash dot line and the dash line stand for the result calculated
with parameter setup BMP2 with normal ordering and inverse ordering respectively.
Both predictions are compatible with the experimental measurement at 2σ level.
Similar to the case in Fig.2, the prediction of Br(Z → νν) with BMP1 is a little
lower than that with BMP2 for normal ordering. However, the case is opposite
for inverse ordering. For normal ordering, there is a peak around MWD =400 GeV
due to the mixing among the susy particles. For BMP1, at range [100,300] GeV,
[500,1000] GeV and around 400 GeV, the prediction of Br(Z → νν) exceeds the SM
expectation at 1σ level. The allowed range is narrowed at 300 GeV < MWD < 400
GeV and 400 GeV < MWD < 500 GeV. For BMP2, the allowed range is narrowed at
200 GeV < MWD < 400 GeV and 400 GeV < M
W
D < 600 GeV. For inverse ordering,
the prediction of Br(Z → νν) decreases slowly as MWD increases. There is also a
deviation between the predictions in MRSSM and the experimental measurement
at 1σ level.
In Fig.4, we display the theoretical prediction of Br(Z → νν) versus higgsino
mass parameter µu(µd) in MRSSM. The solid line and the dot line stand for the
result calculated with parameter setup BMP1 with normal ordering and inverse
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Fig. 3. The Br(Z → νν) vary as a function of MWD in MRSSM, where the solid line (BMP1) and
the dash dot line (BMP2) correspond to normal neutrino mass ordering, the dot line (BMP1) and
the dash line (BMP2) correspond to inverse neutrino mass ordering.
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u , d  [Gev]
Fig. 4. The Br(Z → νν) vary as a function of µu(µd) in MRSSM, where the solid line (BMP1)
and the dash dot line (BMP2) correspond to normal neutrino mass ordering, the dot line (BMP1)
and the dash line (BMP2) correspond to inverse neutrino mass ordering.
ordering respectively. The dash dot line and the dash line stand for the result
calculated with parameter setup BMP2 with normal ordering and inverse ordering
respectively. Both predictions are compatible with the experimental measurement
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Fig. 5. The Br(Z → νν) vary as a function of ml in MRSSM, where the solid line (BMP1) and
the dash dot line (BMP2) correspond to normal neutrino mass ordering, the dot line (BMP1) and
the dash line (BMP2) correspond to inverse neutrino mass ordering.
at 2σ level. Similar to the case in Fig.3, the prediction of Br(Z → νν) with BMP1
is lower than BMP2 with normal ordering and higher than BMP2 with inverse
ordering. For normal ordering, due to the mixing among the susy particles, there
is also a peak around µu = µd =500 GeV. The values at the peak exceeds the
SM expectation and the allowed range is narrowed at 400 GeV < µu(µd) < 600
GeV for BMP1 and 300 GeV < µu(µd) < 700 GeV for BMP2 at 1σ level. For
inverse ordering, the prediction of Br(Z → νν) is almost invariant as µu(µd) vary.
A deviation between the predictions in MRSSM and the experimental measurement
at 1σ level is displayed.
In Fig.5, we display the theoretical prediction of Br(Z → νν) versus diagonal
entries of slepton mass matrices ml(mr) in MRSSM. The solid line and the dot line
stand for the result calculated with parameter setup BMP1 with normal ordering
and inverse ordering respectively. The dash dot line and the dash line stand for
the result calculated with parameter setup BMP2 with normal ordering and in-
verse ordering respectively. Both predictions are compatible with the experimental
measurement at 2σ level and decrease as ml(mr) increases. Similar to the case in
Fig.3, the prediction of Br(Z → νν) with BMP1 is lower than BMP2 with normal
ordering and higher than BMP2 with inverse ordering. For inverse ordering, the
predictions are compatible with the SM expectation at 2σ level, but not compatible
with the SM expectation at 1σ level.
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4. Conclusions
We investigate the Z → νν decay in the framework of Minimal R-symmetric Su-
persymmetric Standard Model (MRSSM) as a function of model parameters with
normal and inverse neutrino mass ordering. Our analysis reveals that the theoretical
prediction of Br(Z → νν) is compatible with the SM expectation and experimental
measurement at 2σ level. At 1σ level, the theoretical prediction of Br(Z → νν)
with normal ordering is more compatible with the SM expectation, and exceeds
the SM expectation for inverse ordering. For inverse ordering, the Br(Z → νν) is
between the SM expectation and experimental measurement. Finally, for a careful
consideration, more precise measurement of Br(Z → invisible) in experiment is in
need.
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